Background. An increasing incidence of anal cancer among men suggests a need to better understand anal canal human papillomavirus (HPV) infection among human immunodeficiency virus-negative men.
but is more common among men who have sex with men (MSM) [3, 4] and persons with human immunodeficiency virus (HIV) infection [5, 6] . Anal cancer incidence among MSM was estimated to be 12.5-36.9 cases per 100,000 men before the HIV epidemic [7] .
Among HIV-negative men, there are few studies of the primary cause of anal cancer, HPV infection, and most studies have been conducted among MSM recruited from gay-identified organizations or HIV projects serving gay men [8] [9] [10] [11] . Consequently, there are no comparative studies of anal HPV in which MSM and men who have sex with women (MSW) were recruited from the same source population. Also, studies concerning MSM are equivocal with regard to trends in age-specific prevalence. Understanding age-specific prevalence and other factors leading to differential risk for anal HPV infection may help inform strategies for prevention of anal cancer in men. Our objective was to characterize and compare anal HPV prevalence and risk factors in HIV-negative MSW and MSM.
SUBJECTS, MATERIALS, AND METHODS

Study Design and Questionnaire
Men were recruited in São Paulo, Brazil; Cuernavaca, Mexico; and Tampa, Florida, beginning in June 2005 for the longitudinal HPV in Men (HIM) Study. Among inclusion criteria were an age of 18 to 70 years; no prior anal cancer or genital warts; and no current sexually transmitted disease (STD) diagnosis, including HIV regardless of any other STD status. Additional details of the study design have been previously described [12] .
Men were recruited in São Paulo from the general population through advertisements and from a genitourinary clinic that also tests for HIV and sexually transmitted diseases (STDs). Men visiting this clinic for STD symptoms or treatment were excluded. In Cuernavaca, men were recruited through a health plan and from factories and the military. Men in Tampa were recruited from a university campus and the general public. MSM were not targeted for recruitment. Each man received a nominal incentive for participation and consented to the study, which was approved by human subjects committees at each study site.
Procedure
From June 2005 through February 2009, 2589 men enrolled in the HIM Study, and 2048 (79.1%) of these consented to collection of anal canal exfoliated cells. The current analysis assessed the samples provided at the enrollment visit. Men who declined anal sampling were more likely to report an age of 18-30 years, being single and never married, a residence in Tampa; and to be MSW (all P , . 001). Men in Tampa who declined anal sampling were also more likely to report 12 years or fewer of education (P , .0001).
Men completed an 88-item computer-assisted self-interview (CASI) written in the region's primary language (Portuguese, Spanish, or English). The CASI elicited information about participant demographic characteristics, substance use, and sexual behaviors. After the CASI, a clinician examined the participant for signs of STDs before using a saline-wetted Dacron swab to collect exfoliated skin cells from the penis (ie, coronal sulcus, glans, and ventral and dorsal areas of shaft) and scrotum. Then, using a separate swab, cells were collected from between the anal verge and the dentate line, after which the swab was placed into its own standard transport medium and stored at -80°C.
HPV Testing
Samples were analyzed for HPV DNA as described elsewhere [12] . In briefDNA was extracted using the QIAamp Media MDx kit (Qiagen). The polymerase chain reaction (PCR) consensus primer system (PGMY 09/11) was used to amplify a fragment of the HPV L1 gene [13] . HPV genotyping was conducted on all samples using DNA probes labeled with biotin to detect 37 HPV types : 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45, 51-56, 58, 59, 61,  62, 64, 66-73, 81-84, IS39 , and CP6108 [14] . Accuracy and potential contamination were assessed using nontemplate negative controls and CaSki DNA-positive controls.
Of 2048 men agreeing to the anal swab, funding restrictions limited DNA genotyping to the first 1828 men enrolled in the study, including 624 in São Paulo, 679 in Cuernavaca, and 525 in Tampa. Of these, 14.0% were b-globin negative, which left 1572 men for analysis. b-globin status was different by MSW and MSM status and clinic. We observed 85.2% and 92.7% b-globin positivity among MSW and MSM, respectively (P 5 .005). We also observed 89.6%, 84.4%, and 83.7% b-globin positivity among men recruited in São Paulo, Cuernavaca, and Tampa, respectively (P 5 .007). There was no difference among other variables assessed (eg, age, race, marital status, presence of prepuce or warts, history of anal sex, and number of sex partners).
Statistical Analyses
We classified participants as MSW, MSM, men who have sex with men and women (MSMW), or men who have no sex solely on the basis of their answers to 17 questions about recent and lifetime penetrative sexual behavior (vaginal, anal, and oral sex). Recent sexual behavior was assessed by questions that asked about behavior in the prior either 3 or 6 months. To minimize categories with sparse data, MSM and MSMW were combined. To classify men as MSW or MSM, greater weight was given to recent sexual behavior and lifetime sexual behavior with multiple partners. For example, if a participant acknowledged any anal or oral sex with other men in the past 6 months or lifetime anal sex with >3 men, he was classified as MSM. A participant who acknowledged sex with only women in the past 6 months and ,3 lifetime male anal sex partners was classified as MSW. A total of 1305 participants (84.1%) were classified as MSW, 176 (11.3%) as MSM, and 70 (4.5%) as men who have no sex, whereas 21 men provided inadequate information for classification.
We considered a specimen to be positive for HPV if it was positive for any of 37 genotypes. We labeled specimens as oncogenic if any of 13 types were detected (16, 18, 31, 33, 35, 39, 45 , 51, 52, 56, 58, 59, or 66 [15] ), regardless of the presence of other genotypes. In contrast, specimens with only single or multiple nononcogenic HPV types and no coinfection with oncogenic types were classified as nononcogenic.
We used the Fisher exact test to assess prevalence differences by city. The Cochran-Armitage test assessed linear trends in prevalence.
To assess concordance of anal canal and genital HPV, we selected men with evaluable samples at both the anal canal and genitals (1262 MSW and 173 MSM). Among these, we determined the proportion with the same HPV genotype at both the anal canal and genitals among men who had an HPV genotype detected at the anal canal. Because of sparse data, proportions were determined only for any HPV, oncogenic, nononcogenic, and the most common genotypes.
We calculated odds ratios (ORs) and 95% confidence intervals (CIs) by bivariate and multivariable logistic regression for 3 outcomes: any HPV type, oncogenic types, and nononcogenic types. We used directed acyclic graphs [16, 17] to identify potential confounders (ie, clinic and number of recent female sex partners) and intermediate variables. All multivariable modeling included potential confounders. Intermediate variables were excluded from multivariable modeling [18, 19] . Modeling initially included variables with a P ,.20 on a likelihood-ratio test in bivariate analyses (data not shown). We used a backwardelimination method to identify independent risk factors for anal HPV. Variables with a P ..05 on a likelihood-ratio test were individually removed until a final set of risk factors remained. We analyzed data using SAS, version 9.2 (SAS InstituteC).
RESULTS
The majority of men classified as MSM (68.2%) were recruited in São Paulo. Although MSW and MSM did not differ by age, differences were observed for other characteristics, including race, circumcision status, and sexual behaviors (table 1) . Study clinicians diagnosed anogenital warts in 6.3% of MSW and 4.0% of MSM. Of these, perianal warts and warts at the anal verge were diagnosed in ,1% of both MSW and MSM.
HPV Infection Prevalence
Prevalence of infection due to any HPV type and oncogenic types did not differ by city among MSW (P 5 .11 for each). Likewise, prevalence of infection due to any HPV type and oncogenic types did not differ significantly by city among MSM (P 5 .66 and P 5 .97, respectively).
Approximately 16% of all men had HPV detected at the anal canal; however, anal HPV infection prevalence among MSM was 4-10 times higher than the prevalence among MSW for all HPV groups except unclassified types (table 2). The proportion of MSM and MSW with multiple HPV types was especially disparate (33.0% and 3.2%, respectively). HPV-16 prevalence among MSM was more than double that among MSW (6.3% and 2.2%, respectively).
The most common HPV types in MSW were 16, 6 , and 51. In MSM, the most common types were (tie) 6 and 84, 53, and 16. A total of 34 and 36 genotypes were detected in MSW and MSM, respectively.
With the exception of HPV-16, a higher proportion of MSW than MSM had type-specific infection at the genitals that mirrored a type detected at the anal canal ( Figure 1 ). For example, among 21 MSW with HPV-6 at the anal canal, 47.6% also had HPV-6 infection at the genitals. Among MSW, anal HPV infection prevalence was similar across age groups for any HPV and oncogenic types (P for trend 5 .81 and .67, respectively) ( Figure 2 ). Likewise, age was not associated with any HPV or oncogenic HPV among MSW in bivariate analysis (data not shown).
Among MSM, there was a decrease in prevalence with increasing age for both any HPV and oncogenic types (P for trend5.001 for both Among a subset of MSM who were asked about receptive anal sex (n 5 63), any HPV prevalence was 3 times higher among MSM who acknowledged receptive anal sex than among MSM who denied receptive anal sex (P 5 .005) (data not shown).
DISCUSSION
Our observation of high prevalence of anal HPV infection among 176 HIV-negative MSM from Latin America and the United States is consistent with past estimates for HIV-negative MSM in Western Europe, Australia, and the United States [8] [9] [10] [11] . For all HPV outcomes, prevalence among MSM was at least twice as high as among MSW who were recruited from the same source population.
We are aware of 4 studies of anal HPV infection among HIVnegative MSM that have used genotyping assays that detected a comparable number of HPV types as in the current study [8] [9] [10] [11] . Estimates from these studies for oncogenic HPV prevalence were 26%-73%, whereas HPV-16 prevalence was 9%-27%. Our prevalence estimates in MSM are somewhat lower (27.3% for oncogenic and 6.3% for HPV-16). The MSM in this study were not recruited from gay-identified organizations or events or from HIV-prevention projects, as in other studies in which MSM with increased risk for STDs may have been enrolled; however, one-third of all men enrolled in São Paulo where recruited at an STD clinic that tests for STDs and HIV. It is also possible that different anal sample collection methods, such as different sampling devices, could account for the varying prevalence estimates among studies.
Our estimates among MSW are consistent with our prior research [20, 21] . However, the estimates are somewhat higher than in 2 other studies [22, 23] , possibly because of the current study's genotyping assays that detect a larger number of genotypes. Because anal HPV infection is often observed in men who deny receptive anal sex [24, 25] , the mechanism of transport to the anal canal is unclear. Multiple studies have detected mucosal/genital HPV genotypes on fingers [26, 27] , and 1 investigation offered evidence of HPV transmission between hands and anogenital sites [28] . In the current study, almost 50% of MSW with any anal HPV genotype had dual typespecific infection, at both the anal canal and the genitals, a pattern that also occurred with all common genotypes except HPV-16. We did not ask questions regarding nonpenetrative sexual behaviors, which may have been helpful in understanding anal HPV infection in MSW.
We observed a stable age-specific prevalence of anal HPV in MSW aged 18-70 years, reflecting our previous results in a smaller group of MSW from the same cohort [29] but in contrast to our prior study of 222 MSW aged 18-40 years [20] .
In contrast, the current study observed a decreasing agespecific prevalence among MSM, which has been reported elsewhere [30] ; however, these results differ from 2 studies of anal HPV infection in HIV-negative MSM that reported a similar prevalence of anal HPV infection across age groups [8, 9] . Different source populations may explain the different estimates.
For example, Chin-Hong's large study among urban MSM in the United States selected men on the basis of sexual behavior that put them at high risk for HIV infection [9] , whereas MSM in the current study were not targeted for recruitment and, therefore, may have a different pattern of risk for anal HPV infection throughout their lifetimes.
These age-specific HPV infection prevalence trends may result from age-specific sexual behavior. For example, MSM aged 45-70 years reported a mean of .9 new anal sex partners in the prior 3 months, whereas MSM aged ,45 years reported 2.7 new partners. Conversely, MSW ,45 years of age and .45 years of age reported the same mean of .5 new partners. In addition, when MSM were stratified by number of male anal sex partners (ie, 0 vs. 1 vs. >2 partners) in the prior 3 months and by age group, the prevalence of any HPV type at the anal canal decreased with age in every category of number of male anal sex partners (data not shown).
In addition to sexual behavior, immunological processes may mediate age-specific anal HPV infection prevalence in men. Multiple studies have reported increasing age-specific antibody prevalence against HPV type 6, 11, 16, and/or 18 among men [31] [32] [33] and a positive association between sex with men and HPV seroprevalence in men [32, 34, 35] . Nevertheless, even if immune responses control some anal infections in older MSM, higher initial prevalence may still leave a substantial burden of infection in older age.
In addition to age, condom use for anal sex and number of sexual partners were associated with anal HPV in MSM. Compared with MSM who reported always using condoms for anal sex, MSM who never used condoms were 6 times more likely to harbor anal canal HPV. In contrast, a previous study reported that risk for anal HPV increased among women who reported condoms being used by male partners; however, that investigation did not ask if condoms were actually used during anal sex [36] . Our finding that, among MSM, the number of partners was associated with anal HPV is consistent with prior reports [8, 9] .
Among MSW, number of lifetime sex partners was also associated with anal HPV, which is consistent with our prior 2 reports [20, 29] . Among MSW we also observed an inverse association between length of sexual relationship and anal HPV. While bivariate analyses among MSM also indicated that longer relationships were protective (data not shown), the association did not remain significant in multivariable analyses. Finally, a history of hepatitis B was strongly associated with both any HPV and oncogenic HPV in MSW. We are not aware of other Lifetime no. of male anal sex partners 0-2 men n/a n/a n/a Reference Reference Reference 3-9 men n/a n/a n/a 3. No. of recent male anal sex partners 0 men n/a n/a n/a Reference Reference Reference 1 man n/a n/a n/a f Sparse data for the nononcogenic outcome resulted in an unstable estimate.
such reports, although hepatitis has been associated with anal cancer [37] . Because we used self-reported data and limited our definition of recent sex to behavior within the prior 3 or 6 months, it is possible that some men were misclassified as either MSW or MSM; however, we have found the CASI instrument to be highly reliable with men in these 3 cities [38] . Our definition of MSW required that a man had shown a pattern of sexual behavior with women, had reported no recent anal sex with a male, and additionally had reported < 2 male anal partners in his lifetime. We classified a man as MSW even if he acknowledged 1 or 2 male sex partners in his lifetime because sexual experimentation, especially during adolescence, is common in these 3 countries [39] [40] [41] . To test our definition, we assessed the prevalence of groups of HPV and individual types in MSW who acknowledged no sex with men in their lifetimes. There was no difference in anal HPV prevalence between MSW with 0 lifetime male anal sex partners and MSW with 1 or 2 lifetime male partners (data not shown).
Although all men reported being HIV-negative, we did not test for HIV; therefore, we cannot be certain that all were HIVnegative.
The number of HIV-negative MSM in this study was limited to 176 largely urban men, which, although comparable in size to a number of anal HPV studies in MSM [8, 10, 11] , limits generalization. It possibly also limited our ability to identify statistically significant associations in multivariable analyses. However, a strength of the current study is that both MSM and MSW were recruited from the same source populations which provides a more valid context for comparisons. Finally, although clinicians were trained to deliver the swab directly into the anal canal, it is possible that the swab may have sometimes touched the perianal skin before entry into the anal canal; thus, our estimates may include HPV detected at the perianal region.
Why MSM would have higher b-globin status than MSW is unclear. One idea is that the practice of receptive anal sex might abrade the mucosal epithelium of the anal canal, allowing better collection of exfoliated cells. However, a subset of MSM were asked about receptive anal sex practices (n 5 83). Of these there was no difference in b-globin status among men acknowledging lifetime receptive anal intercourse (b-globin positivity: 84.5%) and those who said they never had receptive anal intercourse (92.0%, P 5 .35). With regard to different b-globin status by clinic site, it is possible that clinicians collecting samples in São Paulo used more pressure on the Dacron swab as it swabbed the anal canal than when the procedure was performed in Cuernavaca or Tampa. While clinicians were all highly trained by an infectious disease physician in this procedure, differential pressure on the Dacron swab by city would be difficult to detect. Nevertheless, since there was little difference in the prevalence of anal HPV by city, we believe different b-globin results by city should not significantly impact our results.
There were differences in the proportion of men at each clinic site who agreed to an anal sample. For example, more MSW rejected the anal sampling and therefore were excluded the study. If these men also have less risk for anal HPV, then our MSW sample may have been biased toward a population with higher anal HPV prevalence.
Our observation of a higher prevalence of anal HPV in MSM may be due to higher incidence of infection, longer duration, or a combination of these. Further studies are needed to estimate these parameters so that we may better understand how the natural history of anal HPV infection has led to a much higher incidence of anal cancer in MSM.
We believe the current study provides important data for practitioners seeking to lower risk for anal HPV infection in their patients at a time when anal cancer incidence is increasing. Specifically, our data suggest a lower risk for anal HPV infection in MSM who limit their number of male anal sex partners and who always use condoms for anal sex. Secondly, MSW who restrict their number of female sex partners and who remain in relationships for more than 10 years also may lower their risk for anal HPV infection. 
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